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ing electric power information indicative of consumed
electric power required for the work of an amount of elec-
tric power stored in a battery mounted on the work vehi-
cle, a tilt angle information acquisition section (24) for
acquiring tilt angle information indicative of a tilt angle of
the work field relative to the horizontal plane, and a cal-
culation section (25) for calculating a cost required for
the work, based on the work field information, the route
information, the electric power information and the tilt an-
gle information.
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Description
Technical Field:

[0001] The presentinvention relates to a management
system and a management method for a work vehicle
configured to carry out a utility work while traveling au-
tonomously.

Background Art

[0002] The convention has employed a technique of
causing a vehicle to travel autonomously. As an example
of such autonomous traveling vehicle, there is a work
vehicle configured to effect unmanned traveling while
carrying out a predetermined work (e.g. lawn cutting
work) in a vast field. One kind of such technique is known
from Patent Document 1 for example.

[0003] Theunmanned traveling work vehicle disclosed
in Patent Document 1 includes an electric motor mounted
on a vehicle body and power-supplied from a battery and
an engine mounted on the vehicle body. In operation,
while the vehicle travels in a work area with wheels there-
of being driven by the engine, the vehicle carries out a
utility work with an implement mounted on the vehicle
body being driven by the electric motor.

Background Art Document
Patent Document

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2013-164741

Summary
Problem to be Solved by Invention

[0005] Here, the work to be carried out by the work
vehicle disclosed in Patent Document 1 can employ not
only an unmanned traveling work vehicle owned by an
individual, but by an unmanned traveling work vehicle
owned by a contractor. And, in case the work is to be
carried outby an unmanned traveling work vehicle owned
by a contractor, there should occur payment and receipt
of a certain service fee between the client and the con-
tractor. However, the technique disclosed in Patent Doc-
ument 1 does not contemplate the possibility of quanti-
tative calculation of such service fee.

[0006] Thus,thereisaneed fora managementsystem
capable of quantitative calculation of a fee of a contracted
service work.

Solution
[0007] According to a characterizing feature of a man-

agement system relating to one embodiment of the
present invention, a management system for a work ve-
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hicle configured to carry out a utility work while traveling
autonomously, comprises:

a work field information acquisition section for ac-
quiring work field information indicative of informa-
tion relating to a work field where the work is to be
carried out;

a route information acquisition section for acquiring
route information indicative of a traveling route along
which the vehicle has traveled while carrying out the
work in the work field;

a consumed electric power information acquisition
section for acquiring electric power information in-
dicative of consumed electric power required for the
work of an amount of electric power stored in a bat-
tery mounted on the work vehicle;

a tilt angle information acquisition section for acquir-
ing tilt angle information indicative of a tilt angle of
the work field relative to the horizontal plane; and
a calculation section for calculating a cost required
for the work, based on the work field information, the
route information, the electric power information and
the tilt angle information.

[0008] According to a characterizing feature of a man-
agement method relating to one embodiment of the
present invention, a management method for a work ve-
hicle configured to carry out a utility work while traveling
autonomously, comprises the steps of:

acquiring work field information indicative of infor-
mation relating to a work field where the work is to
be carried out;

acquiring route information indicative of a traveling
route along which the vehicle has traveled while car-
rying out the work in the work field;

acquiring electric power information indicative of
consumed electric power required for the work of an
amount of electric power stored in a battery mounted
on the work vehicle;

acquiring tilt angle information indicative of a tilt an-
gle of the work field relative to the horizontal plane;
and

calculating a cost required for the work, based on
the work field information, the route information, the
electric power information and the tilt angle informa-
tion.

[0009] With the above-described characterizing fea-
tures, it becomes possible to quantitatively calculate cost
of a contracted service work. Therefore, it becomes pos-
sible to verify reasonableness of the cost.

[0010] Preferably:

the work field information includes area information
indicative of the area of the work field where the work
is to be carried out;

the route information includes traveling distance in-
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formation indicative of a traveling distance for which
the work vehicle traveled during the work;

the calculation section and the calculating step of
calculating the cost respectively calculates the cost,
with using time information indicative of at least one
selected from the group consisting of a working time
required for the work, a charging time for charging
the battery mounted on the vehicle, and a moving
time of the work vehicle, the area information and
the traveling distance information.

[0011] With the above-described arrangement, it be-
comes possible to calculate the cost of the contracted
service work more accurately.

[0012] Preferably, the management system further
comprises:

acomputation section for computing atraveling route
capable of reducing the cost of the work to be carried
out in the work field, based on the work field infor-
mation, the route information, the electric power in-
formation and the tilt angle information, relative to a
traveling route traveled in the work field; and

a traveling route storage section for storing the
traveling route computed by the computation sec-
tion.

[0013] Preferably, the management method further
comprises the steps of:

computing a traveling route capable of reducing the
cost of the work to be carried out in the work field,
based on the work field information, the route infor-
mation, the electric power information and the tilt an-
gle information, relative to a traveling route traveled
in the work field; and

storing the computed traveling route.

[0014] With the above-described arrangement, it is
possible to derive a traveling route optimal for the work.
So, itis possible to reduce the work time; thus, the work
can be carried out in an efficient manner

[0015] Preferably, the work field is set by a user’s op-
eration on a map displayed on a display surface of a
terminal owned by the user.

[0016] With the above-described arrangement, it be-
comes possible to set a work field easily. Accordingly, it
becomes possible to reduce the trouble for the user. Fur-
ther, as the work vehicle carries out a work field set by
the user, it becomes possible to complete the work ap-
propriately.

[0017] Preferably, the management system and the
management method respectively further comprises a
compensation section for compensating position infor-
mation indicative of a position of a work field set on the
map displayed on the display surface by position infor-
mation indicative of an actual position of the work field.
[0018] With the above-described arrangement, even if
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a difference exits between the position information by the
map displayed on the display surface and the actual po-
sition information, the position information can be com-
pensated appropriately. Accordingly, it is possible to
cause the work vehicle to grasp the work field appropri-
ately, so that the work for the work field can be completed
appropriately.

Brief Description of the Drawings
[0019]

[Fig. 1] is a side view of a work vehicle,

[Fig. 2] is a plan view of the work vehicle,

[Fig. 3] is a block diagram schematically showing an
arrangement of a management system,

[Fig. 4] is a view showing a display surface of a ter-
minal device,

[Fig. 5] is a view showing an error of position infor-
mation, and

[Fig. 6] is a view showing an error of position infor-
mation

Embodiments

[0020] A management system relating to the present
invention is configured to be capable of quantitatively cal-
culating a cost of a contracted service work. This man-
agement system is a system for managing a work vehicle
that carries out a utility work while traveling autonomous-
ly. In the following example, a grass (lawn) cutting work
will be explained as such work to be carried out by this
work vehicle. Here, the language "autonomous traveling"
refers to traveling in which the vehicle travels along a
traveling route set based on an output from a device
mounted on the work vehicle (e.g. sensor output, cap-
tured images of a camera, etc.) while circumventing any
object (e.g. an obstacle, etc.). Such work vehicle corre-
sponds to a so-called autonomous robot.

[0021] Fig. 1 shows a side view of a work vehicle 1
managed by a management system 100 relating to this
embodiment (see Fig. 3). Fig. 2 shows a plan view of the
work vehicle 1. As shown in Fig. 1 and Fig. 2, the work
vehicle 1 includes wheels 2 and a vehicle body 3. The
wheels 2 consist of first wheels 2A (an example of driving
wheel unit) mounted on one end side in the longitudinal
direction of the vehicle body and second wheels 2B
mounted on the otherend side in the longitudinal direction
of the vehicle body. The first wheels 2A and the second
wheels 2B are provided respectively one left and right
pair along the width direction of the vehicle body. In this
embodiment, the first wheels 2A are provided as driv-
ing/steering wheels provided on the rear side in the ad-
vancing direction of the work vehicle 1 and driven by a
traveling control device 10 which will be described later.
The second wheels 2B are provided as so-called caster
wheels provided on the front side in the advancing direc-
tion of the work vehicle 1. Accordingly, straight traveling
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is provided when the left and right wheels of the first
wheels 2A are rotated at an equal speed in a same di-
rection. When the left and right wheels of the first wheels
2A are rotated at different speeds in a same direction,
steering is made to the slower side. Further, when the
left and right wheels of the first wheels 2A are rotated at
an equal speed but in different directions, the work vehi-
cle 1 can spin at the present location. Incidentally, in the
above, it was explained that the first wheels 2A and the
second wheels 2B are provided respectively one left and
right pair along the width direction of the vehicle body.
However, this is only an example. Alternatively, it is also
possible to arrange such that the respective numbers of
the first wheels 2A and the second wheels 2B are made
different from each other in accordance with the size of
the vehicle body for instance. Or, only one or more than
three respectively thereof can be provided.

[0022] The vehicle body 3 mounts thereon a pair of
motors 4 as power source for the first wheels 2A, a battery
5 storing electric power to be supplied to the motors 4
and other electric devices included in the work vehicle 1,
a traveling control device 10 for controlling traveling of
the work vehicle 1, and a further motor 6 for driving a
mower device 53 (an example of an "implement unit")
having a cutter blade 54 for use in grass (lawn) cutting
work.

[0023] Further, the vehicle body 3 mounts a GPS mod-
ule 99 configured as a GNSS module. This GPS module
99 includes a GPS antenna for receiving GPS signals or
GNSS signals (GPS signals in the instant embodiment).
Incidentally, the GPS module 99 can include an inertial
navigation module incorporating a gyro acceleration sen-
sor, ageomagnetic direction sensor, etc. inorder to assist
the GPS navigation. Needless to say, the inertial navi-
gation module can be provided at a site different from
the GPS module 99. GPS signals acquired by the GPS
module 99 will be utilized for the autonomous traveling
of the work vehicle 1 described above or utilized as "GPS
position information" by respective functional sections to
be described later .

[0024] Fig. 3 is a block diagram schematically showing
an arrangement of the management system 100 of this
embodiment. The management system 100 includes, as
functional sections, a work field information acquisition
section 21, a route information acquisition section 22, a
consumed electric power information acquisition section
23, a tilt angle information acquisition section 24, a cal-
culation section 25, a computation section 26, a traveling
route storage section 27 and a compensation section 28.
These respective functional sections are built as hard-
ware and/or software using a CPU as the core component
thereof in order to allow the work vehicle 1 to carry out a
utility work continuously.

[0025] The work field information acquisition section
21 acquires work field information indicative of informa-
tion of a work field where a utility work is to be carried
out. Here, "a work field where a utility work is to be carried
out" means a work field where a grass cutting work is to
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be carried out, in this embodiment. The information of
the work field means position information indicative of
the position (location) of the work field or information in-
dicative of a position of an object (e.g. an obstacle)
present within the work field. The information indicative
of the position of the work field comprises position infor-
mation represented by latitude/longitude using GPS and
allows also grasping of a length of the work field in a
predetermined direction and an area thereof based on
the latitude/longitude of corners of the work field. Such
work field information includes area information of the
work field where the grass cutting work is to be carried
out and information indicative of the position of an obsta-
cle present in the work field. The work field information
acquisition section 21 acquires such work field informa-
tion and transmits this to the calculation section 25 which
will be described later.

[0026] The route information acquisition section 22 ac-
quires route information indicative of a traveling route
along which the work vehicle has traveled in the work
field while carrying out the work therein. Here, a traveling
route along which the work vehicle has traveled in the
work field while carrying out the work therein is a traveling
route along which the work vehicle 1 has effected auton-
omous traveling while carrying out a grass cutting work.
Such traveling route can be represented by latitudes and
longitudes using the GPS. Alternatively, such traveling
route can be specified by using both latitudes and longi-
tudes using the GPS and information from the traveling
control device 10. Here, preferably, the route information
includes traveling distance information indicative of a
traveling distance over which the work vehicle 1 traveled
during the work. The route information acquisition section
22 acquires such route information indicative of the ac-
tually traveled traveling route and/or traveling distance
when the work vehicle 1 effected autonomous traveling
while carrying out a grass cutting work. The route infor-
mation acquired by the route information acquisition sec-
tion 22 is transmitted to the calculation section 25 which
will be described later.

[0027] The consumed electric power information ac-
quisition section 23 acquires electric power information
indicative of electric power required for the work of an
amount of electric power stored in the battery 3 mounted
on the work vehicle 1. The battery 5 mounted on the work
vehicle 1 is used, as described above, for traveling of the
work vehicle 1 and driving of the mower device 53. Thus,
the consumed electric power required for the work cor-
responds to the electric power consumed for traveling of
the work vehicle 1 and driving of the mower device 53.
Therefore, the consumed electric power information ac-
quisition section 23 acquires such electric power infor-
mation indicative of electric power required for the work
of the amount of electric power stored in the battery 3
mounted on the work vehicle 1. This electric power infor-
mation is transmitted to the calculation section 25 which
will be described later.

[0028] The tilt angle information acquisition section 24
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acquires tilt angle information indicative of a tilt angle of
the work field relative to the horizontal plane. Here, "a tilt
angle of the work field relative to the horizontal plane”
means an angle formed by the horizontal plane and the
work field where the grass cutting work is to be carried
out. Thistilt angle corresponds to atilt angle of the vehicle
body of the work vehicle 1. Such tilt angle can be detected
by a known tilt angle sensor. And, such tilt angle infor-
mation allows for specification of a degree of difficulty of
the situation involving the grass cutting work carried out
by the work vehicle 1. The tilt angle information acquired
by the tilt angle information acquisition section 24 is trans-
mitted to the calculation section 25 which will be de-
scribed later.

[0029] The calculation section 25 calculates a cost re-
quired for the work, based on the work field information,
the route information, the electric power information and
the tilt angle information. The work field information is
transmitted from the work field information acquisition
section 21. The route information is transmitted from the
route information acquisition section 22. The electric
power information is transmitted from the consumed
electric power information acquisition section 23. The tilt
angle information is transmitted from the tilt angle infor-
mation acquisition section 24. The calculation section 25
calculates the cost required for the grass cutting work
carried out by the work vehicle 1, with using the area of
the work field where the grass cutting work was carried
out based on the work field information, the traveling
route along which the work vehicle traveled based on the
route information, the consumed electric power used for
the traveling of the work vehicle 1 and driving of the grass
mower 53 based on the electric power information, and
the difficulty degree of the situation in which the work
vehicle 1 carried out the grass cutting work based on the
tilt angle information.

[0030] In the case of the above-described arrange-
ment in which the work field information includes area
information and the route information includes traveling
distance information, the calculation section 25 can effect
the cost calculation with using not only the work field in-
formation including the area information and the route
information including the traveling distance information,
but also time information indicative of at least one of a
work time required for the grass cutting work, a charging
time for charging the battery 5 mounted on the work ve-
hicle 1 and a moving time of the work vehicle 1.

[0031] Withthe above-described arrangement, a work-
er who contracted the grass cutting work can quantita-
tively calculate the work cost. On the other hand, the
client of this grass cutting work can easily verify the rea-
sonableness of the work cost.

[0032] Here, as described above, the work vehicle ef-
fects autonomous traveling in a work field. On the other
hand, an obstacle may be present in the work field. In
such case, the work vehicle 1 will travel while carrying
outagrass cutting work, with circumventing the obstacle.
Thus, the grass cutting work is not always carried out by
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the shortest route, but involving some wasteful move-
ments. Then, the management system 100 relating to
this embodiment further includes a computation section
26 for computing a traveling route that allows cost reduc-
tion in the work to be carried out in the work field, based
on the work field information, the route information, the
electric power information and the tilt angle information.
The work field information is transmitted from the work
field information acquisition section 21. The route infor-
mation is transmitted from the route information acquisi-
tion section 22. The electric power information is trans-
mitted from the consumed electric power information ac-
quisition section 23. The tilt angle information is trans-
mitted from the tilt angle information acquisition section
24. Then, with using these information, the computation
section 26 temporarily computes a traveling route optimal
for the work field where the grass cutting work was once
carried out. With this, for a traveling route along which
the work cutting work was carried out with circumvention
of an obstacle, a traveling route that allows reduction of
the work cost can be readily derived. The traveling route
computed by the computation section 26 will be trans-
mitted to a traveling route storage section 27 to be stored
therein.

[0033] Incase a traveling route computed by the com-
putation section 26 was stored in the traveling route stor-
age section 27, when a next grass cutting work is to be
carried out in a field along this traveling route, the
traveling control device 10 will carry out this work based
on this traveling route. With this, it becomes possible to
reduce the cost required for the grass cutting work.
[0034] Here, a work field where a grass cutting work
is to be carried out can be set by an operation by a user
on amap displayed on a display surface 201 of a terminal
200 carried/owned by this user. Fig. 4 shows the terminal
200. Such map displayed on the display surface 201 may
use a map stored in the terminal 200 or may utilize map
service provided via a network. Preferably, a map includ-
ing the work field where the cutting work is to be carried
out is displayed on the display surface 201 and the work
field and/or the obstacle is set by the user’s operation on
the display surface 201.

[0035] On the other hand, information indicative of the
position (latitude and longitude) of the work field set via
using of the terminal 200 by the user will be forwarded
to the traveling control device 10 and the work field in-
formation acquisition section 21. Then, the traveling con-
trol device 10 will carry out the grass cutting work based
on the forwarded information indicating the positon of the
work field. Also, the work field information acquisition
section 21 will carry out the calculation of the cost based
on the forwarded information indicating the positon of the
work field. Here, in this management system 100, as de-
scribed above, since the information indicative of the po-
sition comprises position information represented by the
latitude and longitude using the GPS, the information can
contain a predetermined error. In such case as illustrated
in Fig. 5, there occurs a difference between the work field
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set with using the terminal 200 and the work field recog-
nized by the management system 100. As a result, the
work field where the grass cutting work is to be actually
carried out will deviate from the intended work site.
[0036] In view of the above, the management system
100 further includes a compensation section 28 for com-
pensating position information indicative of the position
of the work field set on the map displayed on the display
surface 201 by position information indicative of the ac-
tual position of the work field. Here, the position informa-
tion indicative of the position of the work field set on the
map displayed on the display surface 201 is position in-
formation using GPS as shown in Fig. 6. The position
information indicative of the actual position of the work
field is actual position information. Then, the compensa-
tion section 28 compensates the position information rec-
ognized by the management system 100 such that the
GPS position information and the position indicative of
the actual position of the work field may be brought into
agreement with each other. More particularly, marks (de-
noted by * and % in Fig. 6) are set at the border of the
actual work field and at same positions in the map dis-
played on the display surface 201 of the terminal 200,
marks (denoted by O and ¥ in Fig. 6) are set. By asso-
ciating the mutually corresponding marks (namely, @ an-
dO and * and ) with each other and based on the po-
sition relation between the mutually associated marks,
the difference between the GPS position information and
the position information indicative of the actual position
of the work field will be resolved. With this, it becomes
possible for the work vehicle 1 to carry out the grass
cutting work appropriately on the work field set with using
the terminal 200. Further, based on the work field set as
described above and the traveling route computed by the
computation section 26, it is also possible to compute a
time required by the work vehicle 1 for the work.

[Other Embodiments]

[0037] In the foregoing embodiment, it was explained
that the work field information includes area information
indicative of the area of the work field and the route in-
formation includes traveling distance information indica-
tive of the traveling distance traveled by the work vehicle
1 during the work. However, the work field information
may be configured without including area information.
Similarly, the route information may be configured with-
out including traveling distance information.

[0038] In the foregoing embodiment, it was explained
that the management system 100 includes the compu-
tation section 26 and the traveling route storage section
27. Alternatively, the management system 100 may omit
both the computation section 26 and the traveling route
storage section 27.

[0039] In the foregoing embodiment, it was explained
that the work field is set by a user’s operation on a map
displayed on the display surface 210 of the terminal 200
owned by the user. Instead, the work field can be set by
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using a map displayed on a display surface included in
the management system 100, not on the display surface
of the terminal 200 owned by the user. Or, the work field
can be set by using some other method as well.

[0040] In the foregoing embodiment, it was explained
that the management system 100 includes the compen-
sation section 28. Alternatively, the management system
100 may be configured without such compensation sec-
tion 28.

[0041] In the foregoing embodiment, it was explained
that the work is a grass (lawn) cutting work. The work
maybe any other kind of work, instead.

Industrial Applicability

[0042] The present invention is applicable to a man-
agement system and a management method for a work
vehicle configured to effect a utility work while traveling

autonomously.

Description of Reference Marks/Numerals

[0043]

1: work vehicle

5: battery

21: work field information acquisition section

22: route information acquisition section

23: consumed electric power information acquisition
section

24: tilt angle information acquisition section

25: calculation section

26: computation section

27: traveling route storage section

28: compensation section

100: management system

200: terminal

201:  display surface

Claims

1. A management system (100) for a work vehicle con-
figured to carry out a utility work while traveling au-
tonomously, comprising:

a work field information acquisition section (21)
for acquiring work field information indicative of
information relating to a work field where the
work is to be carried out;

a route information acquisition section (22) for
acquiring route information indicative of a
traveling route along which the vehicle has
traveled while carrying out the work in the work
field;

a consumed electric power information acquisi-
tion section (23) for acquiring electric power in-
formation indicative of consumed electric power
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required for the work of an amount of electric
power stored in a battery (5) mounted on the
work vehicle;

a tilt angle information acquisition section (24)
for acquiring tilt angle information indicative of
a tilt angle of the work field relative to the hori-
zontal plane; and

a calculation section (25) for calculating a cost
required for the work, based on the work field
information, the route information, the electric
power information and the tilt angle information.

2. The management system (100) of claim 1, wherein:

the work field information includes area informa-
tion indicative of the area of the work field where
the work is to be carried out;

the route information includes traveling distance
information indicative of a traveling distance for
which the work vehicle traveled during the work;
the calculation section (25) calculates the cost,
with using time information indicative of at least
one selected from the group consisting of a
working time required for the work, a charging
time for charging the battery (5) mounted on the
vehicle, and a moving time of the work vehicle,
the area information and the traveling distance
information.

3. The management system (100) of claim 1 or 2, fur-

ther comprising:

a computation section (26) for computing a
traveling route capable of reducing the cost of
the work to be carried outin the work field, based
on the work field information, the route informa-
tion, the electric power information and the tilt
angle information, relative to a traveling route
traveled in the work field;

a traveling route storage section (27) for storing
the traveling route computed by the computation
section.

The management system (100) of any one of claims
1-3, wherein the work field is set by a user’s operation
on a map displayed on a display surface (201) of a
terminal (200) owned by the user.

The management system (100) of claim 4, further
comprising acompensation section (28) for compen-
sating position information indicative of a position of
a work field set on the map displayed on the display
surface (201) by position information indicative of an
actual position of the work field.

A management method for a work vehicle (1) con-
figured to carry out a utility work while traveling au-
tonomously, comprising the steps of:
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7.

8.

10.

acquiring work field information indicative of in-
formation relating to a work field where the work
is to be carried out;

acquiring route information indicative of a
traveling route along which the vehicle has
traveled while carrying out the work in the work
field;

acquiring electric power information indicative
of consumed electric power required for the work
of an amount of electric power stored in a battery
(5) mounted on the work vehicle;

acquiring tilt angle information indicative of a tilt
angle of the work field relative to the horizontal
plane; and

calculating a cost required for the work, based
on the work field information, the route informa-
tion, the electric power information and the tilt
angle information.

The management method of claim 6, wherein:

the work field information includes area informa-
tion indicative of the area of the work field where
the work is to be carried out;

the route information includes traveling distance
information indicative of a traveling distance for
which the work vehicle traveled during the work;
the calculation section calculates the cost, with
using time information indicative of at least one
selected from the group consisting of a working
time required for the work, a charging time for
charging the battery mounted on the vehicle,
and a moving time of the work vehicle, the area
information and the traveling distance informa-
tion.

The management method of claim 6 or 7, further
comprising the steps of:

computing a traveling route capable of reducing
the cost of the work to be carried out in the work
field, based on the work field information, the
route information, the electric power information
and the tilt angle information, relative to a
traveling route traveled in the work field; and
storing the computed traveling route.

The management method of any one of claims 6-8,
wherein the work field is set by a user’s operation on
a map displayed on a display surface (201) of a ter-
minal (200) owned by the user.

The management method of claim 9, further com-
prising the step of compensating position information
indicative of a position of a work field set on the map
displayed on the display surface by position informa-
tion indicative of an actual position of the work field.
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